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Pacific Northwest Demonstration Project

Pacific Northwest
SMART GRID

DEMONSTRATION PROJECT

What:

* $178M, ARRA-funded, 5-year
demonstration

e 60,000 metered customers in 5
states

Why:

e Develop communications and
control infrastructure using incentive
signals to engage responsive assets

e Quantify costs and benefits

e Contribute to standards
development

* Facilitate integration of wind
and other renewables

Only project of its kind integrating

resources across multiple utilities to 4 =3 Pacific Northwest
g SMART GRID

achieve regional benefits. - " AT Oomtfecover | otuowstanow smoiter
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Pacific Northwest
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Architecture

e Distributed / decentralized
 “Nodal” — follows topology of

the electric power system b AR - R O —
. 4 .
e Transactive control nodes . [ ‘Ei gT %
— Distributed control points at — »
points where flow of power i L g‘ _ A
may be controlled, !! B l
coordinated or managed (e.g., -
managing constraints) i TN ﬁ = I

— Meshed or hierarchical
according to the electric
system topology

STATUS AND OPPORTUNITIES




Extent

Pacific Northwest
SMART GRID

e Multi-jurisdictional

and distribution

* Designed to be used from end-to-end (bulk power to end-use)

» For demonstration being applied at interface between transmission

DEMONSTRATION PROJECT

Regional Conditions

Alstom Grid Models

Transmission Zone Nodes

ransactive
Signals _
Control Utility Nodes

Signals /

Status ’
Responsive Assets

Generation inputs inform modeling of the regional
system, which provides inputs into the transactive
control system. The system interacts with utility
assets working together to determine an action,
such as charging up a battery if wind is available.

The regional model uses transmission zones
as regional boundaries to create data
needed for the transactive control research



http://www.pnwsmartgrid.org/signal_animation.asp
http://www.pnwsmartgrid.org/signal_animation.asp
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Transaction e Rt CRID

DEMONSTRATION PROJECT

Incentive and feedback signals
— The incentive signal is a synthetic cost forecast sent to neighboring nodes
— The feedback signal is a consumption pattern forecast sent to neighboring
nodes

— lteration between neighbors results in an agreement on future cost and
consumption — the “transaction”

Upstream Downstream
(toward generation) (toward demand)
)
Incentive Modified
. Incentive
Signal Signal
Modified
Feedback FeetdbaCk
Signal

Signal




TransaCtl ng Partles Pacific Northwest

SMART GRID

 Transactive control nodes are the transacting parties
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Temporal Variability: Demonstration IST Q\hk!“

series definition e

M No. Intervals Interval Start Times
12

IST,, IST,+ 0:05, ..., @

20 Round(IST,, + 0:15)", IST,, + 0:15,
m 18 Round(IST,, + 1:00)*, IST,, + 1:00,
m 4 Round(IST,, + 6:00)*, IST,, + 6:00,
2 Round(IST., + 1:00:00)", IST,, + 1:00:00
56 intervals 57 interval start times (IST)

* This function “Round” indicates rounding down to the next 15-minute, 1-hour, 6-hour, or
1-day interval start time. Times are indicated as dd:hh:mm, i.e., days, hours, and

minutes.
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Pacific Northwest

Transactive Incentive and Feedback
Signal Timing LD
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. . . . Global
16:00 16:05 16:10 16:40 T
(UTC)

Outgoing Outgoing
T4S TIS

Watchdog TISA Timer Hokld-town Tim Ho;d-town Timer

ineg ng | Incoming | |
tl 1] %]
16:05 \ 16:10

Start TIS S_tart Hold-down S_tart Hold-down
Timer Timer

Timer

Timer



S

Pacific Northwest

Interoperabillity Pt

« Formal transactive control node object model defined
 Reference implementation of ISO/IEC 18012 used to
Implement transactive control toolkit

 Transactive signals standardized for all participants, including
Interoperability / conformance test harness, using XML schema
— suitable for inclusion in one or more future standards
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Value Discovery Mechanism PacifcNewest

« A primary responsibility of a transactive control node

o Accomplished through the exchange of transactive signals (TIS
and TFS) with all neighbors

e The exchange of signals stimulates a “negotiation” like process

e The negotiation ends when the change in values is lower than a
threshold

* The resulting TIS and TFS represent delivered cost of energy,
and average rate of energy flow between the two transactive
nodes, respectively

 Value is discovered throughout the distributed system — value is
dependent on location

10
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Val u e ASS I g n m e nt Pacific Northwest

SMART GRID

« Another primary responsibility of a transactive control node
« Accomplished via local functions matched to the assets
associated with the node
— Resource function for supply assets
— Load functions for consumption assets

* The functions translate local information such as weather, load
history, engineering parameters, and business drivers into future
cost for the TIS (and future consumption plans for the TFS)

11
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Alignment of Objectives P ART CIiD

« Alignment of transactive control topology with power system
topology supports natural alignment of objectives

» Asset owner-operators may affect the cost or consumption of
power according to their operational and business objectives
through the toolkit functions

e For the PNWSG Demo the bulk power system “needs” are
represented in the TIS — the local utility adds their “needs”, for
example avoiding demand charges, and then acts to dispatch
demand or other resources according to the resulting TIS.

12
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Stability Assurance PR R

e The TC system implements a form of closed loop control and is
expected to be stable

o Stability is not guaranteed by this form — but can be reliably
achieved

» The specific analysis and/or modeling to determine the
parameters that will provide this assurance has not yet been
performed

13
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Project Structure / Roles

= Establishes federal assistance
reporting and American Recovery
and Reinvestment Act reporting
regquiremants

jﬂ’c . DEPARTMENT OF

\Z/ENERGY

B Battelle Memorial Institute,
Pacific Northwest Division

Bonneville
Power Administration

Project Review Board

. . H . Senior Managment From: * Project management and integration = Coordinate with utilities
B Bonneville Power Administration Moo G i i
i * Faderal funds managemant # Research and infrastructure design
e . . . Battelle PNWD + Lead research, analysis, and results » Integrate BPA operating units
M 11 utilities (and University of o s »Comdoste ith Stk n
* Administer contracts t- fi i
W h . t d t h . d g‘ﬂm;‘:ﬂ"’lm . Manalge project level infrastructure team = be'":'t::all}":: it
ashington) and their vendors epeatan o oo oo e
L Infrastructure Participants ) \
. Batielle
The Business of wvatio
M 5 technology infrastructure | Beaeew | ‘

partners

Project-Level

Utility Subproject

Infrastructure Participants Participants
* Design and instal * Dasign and install

project level infrastructure utility site specific infrastructure
#» DOE reporting through Battelle » Collect and share data

= DOE reporting through Battelle

AlvisTa ﬂﬂ

NFTEZZA o

& 3TIER  ALSTOM 6o

Wg'q Flathead Electric

m Qualitylogic. 7 tatvo Pt Power urwen passer A8
M[nn-fr NowthiWestern

(e Frergn

Eaninutz Light Ca ey

'\I Electric

) Seattle Clty Light W wiashindton

14



	Transactive Energy Case Study
	Pacific Northwest Demonstration Project�
	Architecture
	Extent
	Transaction
	Transacting Parties
	Temporal Variability: Demonstration IST series definition
	Transactive Incentive and Feedback Signal Timing
	Interoperability
	Value Discovery Mechanism
	Value Assignment
	Alignment of Objectives
	Stability Assurance
	Project Structure / Roles

